SI Materials and Methods

Codon optimization of the lux genes and cloning. The luxC, D, A, B and E genes from
Photorhabdus luminescens (GenBank accession number JXSK01000001.1) and the frp gene from Vibrio campbellii (GenBank accession number AGU98260.1) were codon-optimized (co) for expression in human cells with the codon adaptation tool JCat (http://www.jcat.de, (1)).
The resulting genes (Fig. S1 ) were synthesized (Synbio Technologies) and cloned into the expression vector pcDNA3.1(+) between the NheI and XhoI restriction site (BamHI and XhoI for co luxE). Wild-type lux genes without codon optimization were cloned into pcDNA3.1(+) between the BamHI and XhoI restriction site. Firefly luciferase (FLuc, GenBank accession number MK484107.1) and hlux genes were cloned into pcDNA3.1(+) between the NheI and XhoI restriction site.
co luxAB, co luxBA, co luxCD and co luxDE were generated by integration of a GSG linker and a P2A sequence between the two genes (GSGATNFSLLKQAGDVEENPGP, nucleotide sequence GGATCCGGCGCCACCAACTTCAGCCTGCTGAAGCAGGCCGGCGACGTGGA-GGAGAACCCCGGCCCC). For construction of co luxABfrp and co luxDEC, the same P2A sequence was inserted between the first and second gene and a T2A sequence (GSGEGRGSLLTCGDVEENPGP, nucleotide sequence GGCAGCGGCGAGGGCCGCGGC-AGCCTGCTGACCTGCGGCGACGTGGAGGAGAACCCCGGGCCC) between the second and third gene. The complete inserts were cloned into pcDNA3.1(+) between the NheI and XhoI restriction site.
pRsetB-PercevalHR was a gift from Gary Yellen (Addgene plasmid #49081). pC1-HyPer-3 was a gift from Vsevolod Belousov (Addgene plasmid #42131). PercevalHR and HyPer-3 were amplified by PCR and cloned into pcDNA3.1(+) between the NheI and XhoI restriction site.
Cell culture. All cell lines were cultured in DMEM containing 4.5 g/L glucose without phenol red (Gibco) supplemented with 10% FBS (Biochrom), 1 mM sodium pyruvate (Merck), 100 units/mL penicillin and 100 μg/mL streptomycin (Biochrom). Cells were cultured at 37 °C in 5% CO2.
Bioluminescence imaging. Comparison of the bioluminescence signal from different constructs was performed with an Amersham Imager 600 (GE Healthcare). Cells were seeded in 24-well plates with 500 µL of cell culture medium per well without coverslips and transfected with a total amount of 500 ng DNA using 1 µL of Lipofectamine 2000 (Invitrogen) per well according to the protocol of the manufacturer. Imaging was performed 24 h post-transfection.
For FLuc, D-luciferin (Merck) was added to the medium at a concentration of 150 µg/mL 5 min prior to imaging. Coelenterazine (Carl Roth) was used at a concentration of 5 µM.
For single-cell imaging, cells were seeded in 12-well plates on 18 mm round coverslips with 1 mL of cell culture medium per well. Cells were transfected with a mixture of the following plasmids using 2 µL of Lipofectamine 2000: 83 ng co luxA, 83 ng co luxB, 250 ng co luxC, 250 ng co luxD, 250 ng co luxE, 83 ng co frp and 50 ng lifeact-EYFP (all in pcDNA3.1(+)).
Cells were imaged the following day with a custom-built setup described in (2) with the following modifications: The electron multiplying charge-coupled device (EMCCD) camera was exchanged with an iXon EMCCD DU-897E-CS0-#BV (Andor) for a larger field of view (512x512 pixels). The camera sensor was cooled to -100 °C. An oil immersion objective lens (HC PL APO CS 100x/1.40-0.70 OIL (Leica) or PlanApo N 60x/1.42 (Olympus)) was used to collect the emitted light. The lens focusing on the camera was exchanged to reduce the focal length (AC254-125-A-ML; Thorlabs), resulting in an increased effective pixel size on the camera of 230 nm for the 100x and 360 nm for the 60x objective lens. The dielectric mirrors were replaced by mirrors with a diameter of 2'' (BB2-E02; Thorlabs). Cells were focused by their lifeact-EYFP fluorescence excited with a 491-nm laser (Calypso 50 mW; Cobolt). Imaging was performed in a humidified chamber in 5% CO2 at 37 °C (CO2-UNIT-BL and H301-T-UNIT-BL-PLUS; Okolab) without the focus lock system. Calibration of camera pixel counts to detected photons was performed as described in (2) . Bright pixels resulting from cosmic rays were filtered out using a custom-written Matlab (MathWorks) script by comparison of each pixel value either to the surrounding pixels or the same pixel in the previous and following image and replacement by their average if the difference was above a threshold value. The color map was then scaled to the minimum and maximum pixel values of each image or image series, respectively.
To determine the fraction of cells that were transfected with all six co lux plasmids, HeLa cells grown on 18 mm coverslips were transfected with a mixture of the co lux pcDNA3.1(+) plasmids as described above. 24 h post-transfection, cells were stained with Hoechst 33342 (Molecular Probes) at a concentration of 10 µg/mL in cell culture medium for 5 min.
Subsequently, cells were washed and imaged in cell culture medium as described above.
Hoechst fluorescence was excited at 405 nm, bioluminescence images were taken with an exposure time of 1-2 min. The total cell number was determined by counting of the Hoechstlabeled nuclei in 10 regions (corresponding to ~150 cells in total) of each coverslip. The number of bioluminescent cells was determined from the bioluminescence images of the same regions that were subsequently taken. The fraction of bioluminescent cells was accordingly calculated as the number of bioluminescent cells divided by the total cell number for each coverslip.
Gramicidin and 2,4-dinitrophenol (DNP) were purchased from Sigma-Aldrich. EBSS (Earle's Balanced Salt Solution) without glucose contained 200 mg/L CaCl2, 200 mg/L MgSO4·7 H2O, 400 mg/L KCl, 2.2 g/L NaHCO3, 6.8 g/L NaCl and 140 mg/L NaH2PO4. The pH was adjusted to 7.0 at 37 °C and 5% CO2.
Toxicity control tests. All cells were grown on 18 mm coverslips in 1 mL of cell culture medium and transfected with 2 µL of Lipofectamine 2000.
For the MTT assay, cells were transfected with 1 µg of empty pcDNA3.1(+) vector or a mixture of 83 ng co luxA, 83 ng co luxB, 250 ng co luxC, 250 ng co luxD, 250 ng co luxE and 83 ng co frp (all in pcDNA3.1(+)). 24 h post-transfection, 100 µL of MTT (Sigma-Aldrich) in PBS (5 mg/mL) was added. After incubation at 37 °C in 5% CO2 for 1 h, 1 mL of 10% SDS Movie S1 (separate file). Cell division of HeLa cells expressing co lux. Cells were imaged in cell culture medium without additives. Single images were taken with 3-min exposure time. 
